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Reversible changes of tubular cell and basement membrane in drug-
Induced renal cystic disease. To delineate changes in the development
and regression of renal cystic disease, sequential studies were done in
rats fed 2-amino-4,5-diphenyl thiazole (DPT). Kidneys were perfusion
fixed with either aldehyde fixative alone or with the addition of ruthe-
nium red (RR). Tissues were processed for light and electron micros-
copy. Light microscopy sections were stained with alcian blue and
eosin and hematoxylin. Initially, cellular proliferation and, later, cystic
transformation of collecting tubules were observed. The structural
changes in tubular cells preceded alterations in the basement mem-
brane and consisted of an increase in smooth and rough endoplasmic
reticulum and free polyribosomes, prominence of Golgi complexes,
and an increased number of lysosomes. These findings are suggestive
of changes in the biosynthetic, secretory, and degradative mechanisms
of the cell. With time, the tubular basement membranes became pro-
gressively thicker and laminated with concomitant loss of alcian-blue-
and RR-staining. When DPT-treated animals with renal cystic disease
were placed on a normal diet, tubular cell and basement membrane
morphology and alcian-blue- and RR-staining returned to normal and
cystic changes regressed. These findings are compatible with altered
synthesis and degradation of tubular basement membranes in this
model of cystic disease.
Modifications réversibles des cellules tubulaires et des membranes
basales au cours d'une maladie kystique rénale médicamenteuse. Afin de
preciser les modifications lors du développement et de la regression
d'une maladie kystique rénale, des etudes séquentielles ont Cté
effectuCes chez des rats ingérant du 2-amino-4,5-diphénylthiazole
(DPT). Les reins Ctaient fixes par perfusion avec un fixateur aldChyde
seul ou avec addition de rouge de ruthenium (RR). Les tissus Ctaient
prepares en vue de microscopic optique et Clectronique. Les coupes
pour microscopic optique Ctaient colorées au bleu alcian, a l'éosine et
a l'hematoxyline. Au debut une proliferation cellulaire, et plus tard uric
transformation kystique des canaux collecteurs Ctaient observées. Les
modifications de structure des cellules tubulaires prCcédaient les
alterations de Ia membrane basale et consistaient en une augmentation
du reticulum endoplasmique lisse et rugueux et des polyribosomes
libres, en une predominance des complexes de Golgi et en uric augmen-
tation du nombre de lyzosomes. Ces résultats suggerent des change-
ments dans les mCcanismes cellulaires de biosynthCse, de sCcrétion et
de degradation. Avec le temps, les membranes basales tubulaires dcv-
enaient progressivement plus épaisses et laminCes avec une perte con-
comitante de la coloration au bleu alcian et au RR. Si les animaux
traitCs au DPT et atteints d'une maladie kystique rénale étaient mis a
un régime normal, la morphologic des cellules tubulaires et de La mem-
brane basale ainsi que Ia coloration au bleu alcian ct au RR revenaicnt
a la normale, et les modifications kystiques regressaient. Ces résultats
sont compatibles avec une synthèse/degradation altCrée des mem-
branes basales tubulaires dans cc modéle de maladie kystique.
tomatous change and tubular obstruction [1, 21, the etiology re-
mains unknown. From studies on experimental models of
cystic kidneys, it has been postulated that tubular cyst forma-
tion is due (1) to a prolonged increase in intratubular pressure
secondary to obstruction [3—5], or (2) to a structurally altered
tubular basement membrane (TBM) with accentuated compli-
ance [6]. Pertinent to the latter hypothesis are the findings on
isolated perfused renal tubules [7] demonstrating that tubular
cells are highly deformable but that the tubular basement mem-
brane is a tough elastic structure that limits the distensibility
of the tubule and has a value for Young's modulus (coefficient
of elasticity) close to that of tendon collagen. Moreover,
chemical analysis reveals that tubular basement membrane
contains a major collagen domain [81. Past studies suggest that
the cystic disease in rats induced by 2-amino-4,5-diphenyl thi-
azole (DPT) may be due to a tubular basement membrane de-
fect [6].
In this study, morphologic techniques coupled with cationic
dyes were used to determine sequential changes in tubular cells
and basement membranes during the development and regres-
sion of cystic disease in DPT-treated rats.
Methods
Male Sprague-Dawley rats weighing 150 to 200 g were used.
Materials purchased were as follows: 2-amino-4,5-diphenyl thi-
azole (DPT) from Travenol Laboratories, Inc., Deerfield, IL;
ruthenium red from Ventron Corp., Danvars, MA; and alcian
blue from Matheson Coleman Mfg., Norwood, OH. Rat chow
pellets containing 1.06% DPT were prepared by Teklad, Madi-
son, WI.
Disease induction. A total of 36 animals were used and di-
vided into two major groups. The first group of animals were
fed a DPT diet ad libitum and sacrificed two at a time on day
1, 2, 7, 14, 28, and 56; one animal fed a normal diet was in-
cluded at each time interval as a control. In the second (re-
covery) group, after receiving DPT for 4 or 8 weeks, the ani-
mals were fed a normal diet for an additional 4, 8, or 12 weeks,
and two drug-treated (DPT plus normal diet) and one control
rat (normal diet only) were harvested at each time interval.
Although in humans the cause of renal polycystic disease has
been attributed to developmental defects, neoplastic or hamar-
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Fig. 1. Light micrographs of kidney Sections from rats treated with DPTfor 0 (A), 2 (B), 4 (C), and 8 (D) weeks. Note the loss of alcian-blue-
staining from the medullary interstitium and TBM with the progressive development of cystic disease. The alcian-blue-staining of the glomeruli
is unaffected. E and F represent sections of the kidneys from rats treated with DPT for 8 weeks and then placed on a normal diet for 4 and 8
weeks, respectively. Note disappearance of the cystic change and return of alcian-blue-staining to normal. (Magnification, X6.5)
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Fig. 2. Light micrograph of kidney sections stained with alcian blue from control (A), 8 weeks DPT-treated (B), and 8 weeks DPT-treated fol-
lowed by a normal diet for 8 weeks (C) rats. Alcian-blue-staining is lost in the interstitium, especially the papilla with the development of cystic
change (panel B). In panel C (8 weeks' recovery), the alcian-blue-staining returns to normal, and the cystic changes have regressed entirely.
Note that glomerular staining is unaffected by DPT treatment (arrows). (Magnification, x 25)
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Fig. 3. Light micrograph of outer renal medulla in a 2 weeks DPT-
treated rat. There is focal tubular epithelial degeneration, necrosis, re-
generation with rnitosis (arrows). (Magnification, x400)
Tissue preparation. Rats underwent surgery under ether an-
esthesia. The aorta was exposed by a midline abdominal inci-
sion and catheterized with polyethylene tubing. The kidney
was perfused with 0.15 M sodium chloride at a flow rate of 7 to
10 ml/min to wash out the blood [9, 101. This was followed by
perfusion either with Kamovsky aldehyde fixative alone or with
the addition of 0.2% ruthenium red (RR) for 5 to 10 minutes.
Small (1-mm3) pieces of tissue were taken and processed for elec-
tron microscopy [9]. For light microscopy, l0-mp. sections were
stained with alcian blue [10] and eosin and hematoxylin.
Results
Light microscopy. After 2 weeks of DPT treatment, patho-
logic changes were observed in the collecting tubules (Figs. 1
and 3). Focal cellular degeneration and necrosis with frequent
mitosis and enlarged collecting tubules were seen (Fig. 3). At
4 weeks, enlarged cystic tubules were seen in the outer zone
of the medulla (Fig. 1C). At 8 weeks, cystic change diffusely
extended into the inner cortex and focally into the inner me-
dulla (Figs. lD and 2B). There was loss of alcian blue staining
of all TBM's and medullary interstitium but not of glomerular
basement membranes (GBM) with the progression of cystic
disease (compare Fig. 1, A to D, Fig. 2, A and B). Placing rats
on a normal diet after 4 or 8 weeks of DPT treatment resulted
in regression of cystic changes and return of renal morphology
and alcian-blue-staining to normal over an 8-week period (Figs.
1, E and F, and 2C).
Electron microscopy. The cellular changes in collecting tu-
bules in the outer zone of the medulla began after 1 week of
DPT treatment and preceded any detectable changes in tubu-
lar basement membranes. Initially, there was an increase in the
smooth endoplasmic reticulum (SER) and the development of
prominent Golgi complexes (Fig. 4B). By 2 to 4 weeks, in-
crease in the rough endoplasmic reticulum (RER) and free poly-
ribosomes, elongation of the cisternae, and mild thickening of
TBM were observed (Fig. 4C and D). At 8 weeks, lysosomes
were increased in number, in addition to the other cellular
changes (Fig. 4E). At 4 and 8 weeks, the tubular basement
membranes were greatly thickened, split, and laminated (Figs.
4E and 5). Basement membranes of noncystic tubules or pen-
tubular capillaries were not thickened (Fig. 5). At 4 weeks, ru-
thenium-red (RR) -staining of the tubular basement mem-
branes was reduced, and the network of RR-stainable granules
(heparan sulfate proteoglycans [10—12]) was disorganized (Fig.
6B), whereas at 8 weeks RR-stainable granules were essen-
tially lost (Fig. 6C). During recovery experiments, the base-
ment membrane regained its normal thickness, and RR-stain-
able granules reappeared with a normal spatial arrangement
(Fig. 6D).
The cellular and basement membrane changes of cystic tu-
bules returned to normal after DPT was discontinued. After a
4-week recovery period, cytoplasmic organelles appeared nor-
mal, and the basement membrane was much thinner (Fig. 7B),
and after an 8-week period of recovery both the tubular cells
and basement membranes reverted back to normal (Fig. 7C).
Discussion
This study illustrates that, in the rat kidney, DPT induced
changes in tubular cell and basement membrane, with cystic
transformation in collecting tubules. The structural changes in
tubular cells were detected before any alterations in the base-
ment membrane and consisted of a marked increase in SER
and free polyribosomes, extensive elongation of RER, promi-
nence of Golgi complexes, and an increased number of
lysosomes. These findings may reflect a change in the biosyn-
thetic and degradative processes of the cell. Tubular basement
membranes became progressively thickened and laminated,
with concomitant disappearance of alcian-blue- and RR-stain-
ing; the latter is indicative of loss of proteoglycans [12]. The
loss of alcian-blue-staining of TBM was generalized, indicating
a DPT effect on both cystic and noncystic tubules. The effect
of DPT on noncystic tubules may have been less marked and
insufficient to induce the tubular cell and basement membrane
changes associated with cystic transformation. When DPT-
treated animals with renal cystic disease were placed on a nor-
mal diet, tubular cell and basement membrane structure and al.
cian-blue- and RR-staining returned to normal, and cystic
changes disappeared.
In a companion study, isolated TBMs and GBMs from DPT-
treated and control animals were characterized chemically [13].
In cystic kidneys, TBM but not GBM was substantially dif-
ferent chemically from contrOls in several classes of polypep-
tides solubilized from the noncollagenous domain of the mem-
brane, whereas the collagenous domain of TBM was more sus-
ceptible than normal to pepsin digestion. When feeding of DPT
was discontinued, the chemical structure of the TBM returned
to normal.
Taken together, these findings may suggest that DPT, in
some way, alters biosynthesis and degradation of one or more
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Fig. 4. Electron micrographs of collecting
tubules in the outer zone of the medulla from
control (A), and DPT-treated rats after I (B), 2
(C), 4 (D), and 8 (E) weeks. In panel B (DPT I
week), the smooth endoplasmic reticulum
(SER), is greatly increased, and Golgi
complexes (Go) are prominent. In panel C
(DPT 2 weeks), there is marked increase in free
polyribosomes (RI) and extensive elongation of
the rough endoplasmic reticulum (RER), and
the basement membrane (B) is slightly
thickened. In panel D (DPT 4 weeks), the RER
and Go are prominent, and the basement
membrane (B) is greatly thickened, In panel E
(DPT 8 weeks), lysosomes (Ly) are increased in
number, and the basement membrane (B) is
very thick. The "m" denotes mitochondrion.
(Magnification, x 9,300)
tubular basement membrane components. The prominent in- ecules. Whether the alterations in the TBM are due to de-
crease in SER, RER, free polyribosomes, and Golgi com- creased degradation or to increased synthesis or to defective
plexes probably suggest enhanced cellular biosynthesis of extracellular assemblage of macromolecular components of the
TBM. The marked increase of lysosomes may reflect some basement membrane is unclear at the present time. Since TBM
form of accelerated intracellular degradation of macromol- changes developed and regressed in a matter of a few weeks,
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Fig. 5. Electron micrograph from a rat fed DPTfor 8 weeks. Numerous tubular cysts like the one shown in this micrograph were observed in the
outer renal medulla. The basement membrane (B) of the cystic tubule is thickened several-fold whereas that of the interstitial capillary (Cap) or
of the noncystic proximal tubules (PT) is thin. (Magnification, X8,850)
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Fig. 6. Electron micrographs of basement membranes of collecting tubules stained with ruthenium red (RR). Panel (A) shows the control; (B)
and (C), rats treated with DPT for 4 and 8 weeks, respectively; and (D) rats treated with DPT for 8 weeks followed by a normal diet for 8 weeks
(recovery). In panel A, there is a normal lattice-like network of RR-stainable granules (arrows) consisting of heparan sulfate proteoglycans. In
panel B (DPT 4 weeks), the basement membrane (B) is thickened and laminated (asterisks). The RR granules stain less intensely and have lost
their normal lattice-like network. In panel C (DPT 8 weeks), the basement membrane (B) is extremely thick, and particles only reminiscent of
RR-stainable granules (arrows) are present. In panel D (recovery), the basement membrane (B) regains its normal thickness and RR-stained gran-
ules with a normal lattice arrangement. "Ep" denotes epithelium. (Magnification x 30,000)
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Fig. 7. Electron micrographs of collecting tubules from ruts treated with DPTfor 8 weeks to induce cystic change then placed on a normal diet
for2 (A), 4(B), and8 (C) weeks. In panel A (2-week recovery), the tubular epithelium still contains numerous lysosomes (Ly), and the basement
membrane (B) is extremely thick. In B (4-week recovery), the cytoplasmic organelles appear normal, and the basement membrane is signifi-
cantly thinner. In C (8-week recovery), the cytoplasmic and basement membrane structures have returned to normal. The "m" denotes mito-
chondrion; "Go," Golgi complex. (Magnification, x20,000)
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it is unlikely that the major compositional change in the TBM
involves procollagen, owing to the presumably slow metabolic
turnover rate of procollagen as studied in other systems [141.
Moreover, chemical characterization of TBM in DPT-induced
cystic kidneys did not reveal a major change in the collagen do-
main [13]. The loss of RR-staining of TBM in cystic kidneys
and the increase in noncollagen glycoproteins compared to col-
lagenous components by chemical analysis [13] are compatible
with defective synthesis or degradation of proteoglycans, or
both. The metabolic turnover rate of these macromolecules in
TBM is unknown; however, in other systems (cartilage), the
turnover of proteoglycans is heterogeneous, with both slow
and fast (half-life of 4 to 5 days) metabolic pools being dem-
onstrated [15]. Collectively, these findings favor alterations at
least in the proteoglycan components of TBM in DPT-induced
cystic disease. Furthermore, altered proteoglycan synthesis as-
sociated with thickening of basement membranes has been ob-
served in diabetes [16]. Whether the DPT-induced alterations
in the proteoglycan are due to defects in the synthesis of core
protein or addition of GAG chains or reduced sulfation are un-
known and remain to be determined.
Of interest and relevant to this model are electron micro-
scopic studies of cysts in adult polycystic renal disease, which
reveal altered tubular cells [17] and thickened tubular base-
ment membranes [17—191. This raises the possibility that this
disease is an inborn error of metabolism in which one mani-
festation is altered synthesis or degradation of TBM.
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